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Binary  logic  structure  employing  programmable  logic  arrays  for  microword  generation. 
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The  structure  includes  and  encode  programmable  logic 
array  (13)  responsive  to  a  first  group  of  binary  input  signals 
(E)  such  as  a  system  instruction  for  producing  a  smaller 
number  of  binary  signals  (K)  which  are  encoded  to  identify 
different  binary  value  combinations  for  the  first  group  of 
binary  input  signals  (E),  and  a  decode  programmable  logic 
array  (14)  responsive  to  a  second  group  of  binary  input 
signals  (F)  and  to  the  encoded  binary  signals  (K)  produced 
by  the  encode  programmable  logic  array  (13)  for  producing 
binary  output  signals  (M)  representing  logical  functions  of 
the  input  signals  which  can  be  used  as  microwords  for 
controlling  a  system.  The  chip  space  occupied  by  the  en- 
code  programmable  logic  array  (13)  is  less  than  the  addi- 
tional  chip  space  that  would  be  required  if  the  encode  and 
decode  programmable  logic  arrays  (13,  14)  were  replaced 
by  a  single  programmable  logic  array  for  receiving  all  the 
binary  input  signals  in  both  the  first  and  second  groups. 



T h i s   i n v e n t i o n   r e l a t e s   to   b i n a r y   l o g i c   s t r u c t u r e s   f o r m e d   o n  

l a r g e   s c a l e   i n t e g r a t i o n   (LSI)  s e m i c o n d u c t o r   i n t e g r a t e d   c h i p s  

of  t h e   t y p e   u s e d   in  d i g i t a l   c o m p u t e r s ,   d i g i t a l   d a t a   p r o c e s s i n g  

s y s t e m s ,   d i g i t a l   c o n t r o l   s y s t e m s   and  t h e   l i k e .   I t   r e l a t e s  

p a r t i c u l a r l y   to  b i n a r y   l o g i c   s t r u c t u r e s   e m p l o y i n g   p r o g r a m m a b l e  

l o g i c   a r r a y s   u s e f u l   in   t h e   m i c r o w o r d   g e n e r a t i o n   p o r t i o n   o f  

m i c r o p r o g r a m m e d   d a t a   p r o c e s s o r s   and  o t h e r   m i c r o p r o g r a m m e d  

d i g i t a l   s y s t e m s .  

P r o g r a m m a b l e   l o g i c   a r r a y s   (PLA'S)   a r e   u s e f u l   m e c h a n i s m s   f o r  

i m p l e m e n t i n g   c o m p l e x   b i n a r y   l o g i c   f u n c t i o n s   on  s e m i c o n d u c t o r  

i n t e g r a t e d   c i r c u i t   c h i p s .   They  p r o v i d e   a  r e g u l a r   and  o r d e r l y  

s t r u c t u r e   f o r   i m p l e m e n t i n g   i r r e g u l a r   and  c o m p l e x   c o m b i n a t i o n a l  

l o g i c   f u n c t i o n s .   They  a r e   more   f l e x i b l e   and  a r e   e a s i e r   t o  

d e s i g n   t h a n   a r e   o t h e r   t y p e s   of   l o g i c   s t r u c t u r e s .   A  t y p i c a l  

p r o g r a m m a b l e   l o g i c   a r r a y   (PLA)  and  some  of  i t s   u s e s   a r e  

d e s c r i b e d   a t   p a g e s   7 9 - 8 8   of  a  t e x t b o o k   e n t i t l e d   I n t r o d u c t i o n  

to  VLSI  S y s t e m s ,   by  Mead  and  Conway ,   p u b l i s h e d   b y  

A d d i d o n - W e s l e y   P u b l i s h i n g   C o m p a n y ,   R e a d i n g ,   M a s s a c h u s e t t s  

1 9 8 0 .  

S p a c e   i s   i n v a r i a b l y   a  m a t t e r   of   c o n s i d e r a b l e   i m p o r t a n c e   o n  a n  

i n t e g r a t e d   c i r c u i t   c h i p .   The  u s u a l   o b j e c t i v e   i s   to  m a x i m i z e  

t h e   n u m b e r   of  c i r c u i t s   and  c i r c u i t   s t r u c t u r e s   t h a t   can  b e  

l o c a t e d   on  a  s i n g l e   c h i p .   In  s p i t e   of   t h e i r   v a r i o u s  

a d v a n t a g e s ,   p r o g r a m m a b l e   l o g i c   a r r a y s   s o m e t i m e s   r e q u i r e   m o r e  

s p a c e   on  a  c h i p   t h a n   i s   d e s i r e d .  

T h e r e f o r e ,   t h e   p r e s e n t   i n v e n t i o n   p r o v i d e s   a  new  and  i m p r o v e d  

b i n a r y   l o g i c   s t r u c t u r e   w h i c h   u s e s   p r o g r a m m a b l e   l o g i c   a r r a y s  
(PLA'S)   in  such   a  way  t h a t   t h e   s t r u c t u r e   as  a  w h o l e   r e q u i r e s  

l e s s   s p a c e   on  an  i n t e g r a t e d   c i r c u i t   c h i p .   T h i s   l o g i c   s t r u c t u r e  



i s   c o m p r i s e d   of  an  e n c o d e   p r o g r a m m a b l e   l o g i c   a r r a y   r e s p o n s i v e  

to  a  f i r s t   g r o u p   of  b i n a r y   i n p u t   s i g n a l s   f o r   p r o d u c i n g   a  

s m a l l e r   n u m b e r   of  b i n a r y   s i g n a l s   w h i c h   a r e   e n c o d e d   to   i d e n t i f y  

d i f f e r e n t   b i n a r y   v a l u e   c o m b i n a t i o n s   f o r   t h e   f i r s t   g r o u p   o f  

b i n a r y   i n p u t   s i g n a l ,   and  a  d e c o d e   p r o g r a m m a b l e   l o g i c   a r r a y  

r e s p o n s i v e   to   a  s e c o n d   g r o u p   of  b i n a r y   i n p u t   s i g n a l s   and  t o  

t h e   e n c o d e d   b i n a r y   s i g n a l s   p r o d u c e d   by  t h e   e n c o d e   p r o g r a m m a b l e  

l o g i c   a r r a y   f o r   p r o d u c i n g   b i n a r y   o u t p u t   s i g n a l s   r e p r e s e n t i n g  

l o g i c a l   f u n c t i o n s   of  b i n a r y   i n p u t   s i g n a l s   in  b o t h   t h e   f i r s t  

and  s e c o n d   g r o u p s .  

B e c a u s e   of  t h e   s m a l l e r   n u m b e r   of  b i t s   in  t h e   e n c o d e d   g r o u p ,  
l e s s   c h i p   s p a c e   i s   r e q u i r e d   f o r   t h e   s e c o n d   PLA  t h a n   w o u l d  

o t h e r w i s e   be  t h e   c a s e .   In  p a r t i c u l a r ,   t h e   r e d u c t i o n   in  c h i p  

s p a c e   r e q u i r e d   f o r   t h e   s e c o n d   PLA  i s   g r e a t e r   t h a n   t h e   c h i p  

s p a c e   o c c u p p i e d   by  t h e   f i r s t   or  e n c o d e   PLA.  T h u s ,   t h e   t w o  

PLA'S  in  c a s c a d e   r e q u i r e   l e s s   c h i p   s p a c e   t h a n   w o u l d   a n  

e q u i v a l e n t   s i n g l e   PLA.  

F o r   a  b e t t e r   u n d e r s t a n d i n g   of   t h e   p r e s e n t   i n v e n t i o n ,   t o g e t h e r  

w i t h   o t h e r   and  f u r t h e r   a d v a n t a g e s   and  f e a t u r e s   t h e r e o f ,  

r e f e r e n c e   i s   made  to  t h e   f o l l o w i n g   d e s c r i p t i o n   t a k e n   i n  

c o n n e c t i o n   w i t h   t h e   a c c o m p a n y i n g   d r a w i n g s ,   w h e r e  :  

F i g .   1  i s   a  f u n c t i o n a l   b l o c k   d i a g r a m   s h o w i n g   t h e   m a j o r  

e l e m e n t s   of  a  s i n g l e   p r o g r a m m a b l e   l o g i c   a r r a y ;  

F i g .   2  i s   a  f u n c t i o n a l   b l o c k   d i a g r a m   s h o w i n g   t h e   m a j o r  

e l e m e n t s   of  two  p r o g r a m m a b l e   l o g i c   a r r a y s   c o u p l e d   in  c a s c a d e ;  

F i g .   3  i s   a  g r a p h   u s e d   in  e x p l a i n i n g   t h e   c o n s t r u c t i o n   of  t h e  

F i g .   2  p r o g r a m m a b l e   l o g i c   a r r a y s ;  

F i g .   4  i s   a  f u n c t i o n a l   b l o c k   d i a g r a m   of  a  d i g i t a l   d a t a  

p r o c e s s o r   w h e r e i n   t h e   b i n a r y   l o g i c   s t r u c t u r e   of  t h e   p r e s e n t  

i n v e n t i o n   may  be  u s e d   to   good   a d v a n t a g e ;  



F i g .   5  i s   a  f u n c t i o n a l   b l o c k   d i a g r a m   of  a  f i r s t   e m b o d i m e n t   o f  

m i c r o w o r d   g e n e r a t i o n   a p p a r a t u s   w h i c h   i s   c o n s t r u c t e d   i n  

a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n   and  w h i c h   may  be  u s e d   t o  

p r o v i d e   t h e   c o n t r o l   u n i t   of   F i g .   4;  a n d  

F i g .   6  i s   a  f u n c t i o n a l   b l o c k   d i a g r a m   of  a  s e c o n d   e m b o d i m e n t   o f  

m i c r o w o r d   g e n e r a t i o n   a p p a r a t u s   w h i c h   i s   c o n s t r u c t e d   i n  

a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n   and  w h i c h   may  i n s t e a d   b e  

u s e d   to   p r o v i d e   t h e   c o n t r o l   u n i t   of  F i g .   4 .  

F i g .   1  shows   b i n a r y   l o g i c   s t r u c t u r e   w h i c h   i s   f a b r i c a t e d   o r  

f o r m e d   on  a  s e m i c o n d u c t o r   i n t e g r a t e d   c i r c u i t   c h i p   and  w h i c h   i s  

c o m p r i s e d   of  a  s i n g l e   p r o g r a m m a b l e   l o g i c   a r r a y   (PLA)  10.  T h i s  

PLA  10  i n c l u d e s   an  i n p u t   AND  a r r a y   11,  an  o u t p u t   OR  a r r a y   12 

and  a  g o o d l y   n u m b e r   of   p r o d u c t   l i n e s   or  word   l i n e s  

i n d i v i d u a l l y   c o n n e c t i n g   t h e   d i f f e r e n t   o u t p u t s   of  t h e   AND  a r r a y  
11  to   t h e   c o r r e s p o n d i n g   i n p u t s   of  t h e   OR  a r r a y   12.  F o r  

s i m p l i c i t y   of  i l l u s t r a t i o n ,   t h e s e   m u l t i p l e   word   l i n e s   a r e  

r e p r e s e n t e d   by  a  s i n g l e   m u l t i l i n e   bus   G.  

A  f i r s t   g r o u p   of  b i n a r y   i n p u t   s i g n a l s   a r e   s u p p l i e d   to  a  f i r s t  

s e t   of   i n p u t s   of   t h e   AND  a r r a y   11  by  way  of  a  f i r s t   m u l t i l i n e  

i n p u t   bus   E.  A  s e c o n d   g r o u p   of   b i n a r y   i n p u t   s i g n a l s   a r e  

s u p p l i e d   to   a  s e c o n d   s e t   of  i n p u t s   of  t h e   AND  a r r a y   11  by  w a y  
of  a  s e c o n d   m u l t i l i n e   i n p u t   bus   F.  M u l t i p l e   b i n a r y   o u t p u t  

s i g n a l s   a r e   p r o d u c e d   by  t h e   OR  a r r a y   12  and  a p p e a r   on  t h e  

m u l t i l i n e   o u t p u t   bus   M.  T h e s e   o u t p u t   s i g n a l s   on  t h e   o u t p u t   b u s  

11  r e p r e s e n t   v a r i o u s   l o g i c a l   f u n c t i o n s   of  t h e   i n p u t   s i g n a l s   o n  

t h e   i n p u t   b u s e s   E  and  F .  

I n c l u d e d   in  t h e   i n t e r n a l   c o n s t r u c t i o n   of  t h e   AND  a r r a y  1 1   a r e  

two  s e t s   of  s i g n a l   l i n e s   w h i c h   c r o s s   e a c h   o t h e r   a t   r i g h t  

a n g l e s   to   fo rm  a  r e c t a n g u l a r   g r i d   p a t t e r n .   One  s e t   i s  t h e  

i n t e r n a l   i n p u t   s i g n a l   l i n e s   w h i c h   a r e   d r i v e n   by  t h e   s i g n a l s  

a p p e a r i n g   on  t h e   i n p u t   b u s e s   E  and  F.  For   t h e   e x a m p l e  

d e s c r i b e d   h e r e i n ,   s o c a l l e d   " s i n g l e - b i t   p a r t i t i o n i n g "   i s  

a s s u m e d .   T h u s ,   t h e   AND  a r r a y   11  i n c l u d e s   two  i n t e r n a l   i n p u t  

s i g n a l s   l i n e s   f o r   e a c h   s i g n a l   l i n e   in  t h e   i n p u t   b u s e s   E  and  F .  



One  s u c h   i n t e r n a l   i n p u t   l i n e   c a r r i e s   t h e   t r u e   v a l u e   of  t h e  

i n p u t   s i g n a l   and  t h e   o t h e r   s u c h   i n t e r n a l   i n p u t   l i n e   c a r r i e s  

t h e   c o m p l e m e n t   v a l u e   of  t h e   i n p u t   s i g n a l .   To  t h i s   e n d ,   t h e   AND 

a r r a y   11  i n c l u d e s   an  i n p u t   b i t   p a r t i t i o n e r   w h i c h   r e c e i v e s   t h e  

i n p u t   s i g n a l s   on  t h e   b u s e s   E  and  F  and  p r o v i d e s   t h e   t r u e   a n d  

c o m p l e m e n t   v a l u e s   of  s u c h   s i g n a l s   to   t h e   i n t e r n a l   i n p u t   s i g n a l  
l i n e s   in  t h e   AND  a r r a y   1 1 .  

The  o t h e r   s e t   of  i n t e r n a l   s i g n a l   l i n e s   in  t h e   AND  a r r a y   11  a r e  
t h e   s o - c a l l e d   "word"   l i n e s   G.  T h e s e   c r o s s   t h e   i n t e r n a l   i n p u t  
l i n e s   a t   r i g h t   a n g l e s   t h e r e t o .   T h e s e   i n p u t   l i n e s   and  w o r d  
l i n e s   a r e   f o r m e d   a t   d i f f e r e n t s   l e v e l s   on  t h e   i n t e g r a t e d  
c i r c u i t   c h i p   so  t h a t   t h e y   a r e   n o t   in  e l e c t r i c a l   c o n t a c t   w i t h  

one  a n o t h e r .   The  l o g i c   f u n c t i o n s   p r o v i d e d   by  t h e   AND  a r r a y   11 

a r e   d e t e r m i n e d   by  t h e   l o c a t i o n s   and  c o n n e c t i o n s   of  t r a n s i s t o r s  

w h i c h   a r e   f o r m e d   on  t h e   i n t e g r a t e d   c i r c u i t   c h i p   f o r   p u r p o s e s  
of  c o u p l i n g   e a c h   word  l i n e   to   one  or  more  of  t h e   i n t e r n a l  

i n p u t   s i g n a l   l i n e s .   T h e s e   t r a n s i s t o r s   a r e   l o c a t e d   a n d  

c o n n e c t e d   so  t h a t   t h e   r e s u l t a n t   s i g n a l   on  e a c h   word  l i n e  

r e p r e s e n t s   a  d e s i r e d   l o g i c a l   f u n c t i o n   of  one  or  more   of  t h e  

i n p u t   s i g n a l s   on  t h e   i n p u t   b u s e s   E  and  F .  

The  OR  a r r a y   12  i s   a l s o   c o m p r i s e d   of  two  s e t s   of  s i g n a l   l i n e s  

w h i c h   c r o s s   e a c h   o t h e r   a t   r i g h t   a n g l e s   to   fo rm  a  r e c t a n g u l a r  

g r i d   p a t t e r n .   The  i n p u t   s e t   of   s u c h   s i g n a l   l i n e s   a r e   t h e   w o r d  

l i n e s   G  and  t h e   o u t p u t   s e t   of  s u c h   s i g n a l   l i n e s   a r e   t h e   OR 

a r r a y   o u t p u t   l i n e s   M.  The  word   l i n e s   G  w i t h i n   t h e   OR  a r r a y   12 

c r o s s   t h e   o u t p u t   l i n e s   M  a t   a  d i f f e r e n t   l e v e l   on  t h e   c h i p   s o  
t h a t   t h e r e   i s   no  d i r e c t   e l e c t r i c a l   c o n t a c t   t h e r e b e t w e e n .   T h e  

O R ' i n g   f u n c t i o n s   p r o v i d e d   by  t h e   OR  a r r a y   12  a r e   d e t e r m i n e d   b y  
t h e   l o c a t i o n s   and  c o n n e c t i o n s   of  t r a n s i s t o r s   w h i c h   a r e   f o r m e d  

on  t h e   i n t e g r a t e d   c i r c u i t   c h i p   f o r   c o u p l i n g   v a r i o u s   o n e s   o f  

t h e   word  l i n e s   G  to   v a r i o u s   o n e s   of  t h e   o u t p u t   l i n e s   M. 

For   t h e   c a s e   o f   s i n g l e - b i t   p a r t i t i o n i n g ,   w h i c h   i s   t h e   c a s e  
a s s u m e d   h e r e i n ,   t h e   s i g n a l   on  e a c h   of   t h e   word   l i n e s   G  can  b e  

t h o u g h t   of  as  b e i n g   t h e   AND  f u n c t i o n   o f  s o m e   c o m b i n a t i o n   o f  

t h e   t r u e   and  c o m p l e m e n t   v a l u e s   of  one  or  more   of  t h e   i n p u t  



s i g n a l s   a p p e a r i n g   on  t h e   i n p u t   b u s e s   E  and  F.  In  a  s i m i l a r  

v e i n ,   t h e   o u t p u t   s i g n a l s   a p p e a r i n g   on  e a c h   of  t h e   OR  a r r a y  

o u t p u t   l i n e s   M  can   be  t h o u g h t   of   as  b e i n g   t h e   OR  f u n c t i o n   o f  

t h e   s i g n a l s   a p p e a r i n g   on  one  or  more   of  t h e   word   l i n e s   G.  I n  

t h e   a c t u a l   p h y s i c a l   l a y o u t   on  t h e   i n t e g r a t e d   c i r c u i t   c h i p ,   t h e  

AND  a r r a y   11  a b u t s   t h e   OR  a r r a y   12  w i t h   no  w a s t e d   s p a c e  
b e t w e e n   t h e   a r r a y s .   The  s e p a r a t i o n   shown  in  t h e   d r a w i n g   i s   f o r  

c o n v e n i e n c e   of   e x p l a n a t i o n   o n l y .  

T y p i c a l   e x a m p l e s   of  t h e   i n t e r n a l   c o n s t r u c t i o n   of  t h e   AND  a r r a y  
and  t h e   OR  a r r a y   a r e   g i v e n   in  t h e   a b o v e - c i t e d   t e x t b o o k   by  M e a d  

and  C o n w a y .  

The  r e l a t i v e   p h y s i c a l   s i z e ,   t h a t   i s ,   t h e   r e l a t i v e   a m o u n t   o f  

c h i p   s p a c e   o c c u p p i e d   by  t h e   AND  a r r a y   11  i s   a  f u n c t i o n   of  t h e  

t o t a l   n u m b e r   of  i n p u t   l i n e s   ( b u s e s   E  and  F)  and  t h e   t o t a l  

n u m b e r   of  word  l i n e s   (bus  G).  To  a  r e a s o n a b l e   f i r s t - o r d e r  

a p p r o x i m a t i o n ,   t h e   r e l a t i v e   c h i p   s p a c e   or  a r e a   f o r   t h e   AND 

a r r a y   11  i s   p r o p o r t i o n a l   to  2 ( E + F ) G ,   w h e r e   E,  F  and  G 

r e p r e s e n t   t h e   n u m b e r s   of   l i n e s   in  t h e   b u s e s   E,  F  a n d  G ,  

r e s p e c t i v e l y .   The  f a c t o r   of  "2"  i s   i n c l u d e d   b e c a u s e ,   f o r  

s i n g l e   b i t   p a r t i t i o n i n g ,   t h e   AND  a r r a y   11  has   two  i n t e r n a l  

i n p u t   s i g n a l   l i n e s   f o r   e a c h   l i n e   in  e a c h   of  t h e   b u s e s   E  and  F .  

The  r e l a t i v e   c h i p   s p a c e   or  a r e a   r e q u i r e d   f o r   t h e   i n p u t   l i n e s  

in  t h e   bus   E  i s   p r o p o r t i o n a l   to   2EG.  The  r e l a t i v e   s i z e   of  t h e  

OR  a r r a y   12  i s   p r o p o r t i o n a l   to   GM,  w h e r e   M  d e n o t e s   t h e   n u m b e r  

of  l i n e s   in  t h e   o u t p u t   bus   M. 

R e f e r r i n g   to   F i g .   2,  t h e r e   i s   shown  an  e m b o d i m e n t   of   b i n a r y  

l o g i c   s t r u c t u r e   c o n s t r u c t e d   in  a c c o r d a n c e   w i t h   t h e   p r e s e n t  

i n v e n t i o n .   I t   i n c l u d e s   a  f i r s t   PLA  13  c o u p l e d   in  c a s c a d e   w i t h  

a  s e c o n d   PLA  14.  As  w i l l   be  s e e n ,   t h i s   w i l l ,   u n d e r   t h e   p r o p e r  
c o n d i t i o n s ,   r e s u l t   in  t h e   u s e   of  l e s s   s p a c e   on  t h e   i n t e g r a t e d  

c i r c u i t   c h i p ,   as  c o m p a r e d   to   t h e   l o g i c   s t r u c t u r e   of   F i g .   1 .  

Bo th   of  t h e   P L A ' s   13  and  14  a r e   f o r m e d   on  one  and  t h e   s a m e  

i n t e g r a t e d   c i r c u i t   c h i p .   For   s a k e   of  a  name ,   t h e   f i r s t   PLA  13 

w i l l   be  r e f e r r e d   to   h e r e i n   as  an  " e n c o d e "   PLA  and  t h e   s e c o n d  

PLA  14  w i l l   be  r e f e r r e d   to  as  a  " d e c o d e "   PLA.  Each   of   t h e s e  



PLA' s   13  and  14  has   t h e   same  g e n e r a l   fo rm  of  i n t e r n a l  

c o n s t r u c t i o n   as  was  d e s c r i b e d   a b o v e   f o r   t h e   PLA  10  of  F i g .   1 .  

The  e n c o d e   PLA  13  i n c l u d e s   an  i n p u t   AND  a r r a y   15,  an  o u t p u t   OR 

a r r a y   16  and  a  p l u r a l i t y   of  word  l i n e s   l o c a t e d   in  a  m u l t i l i n e  

bus  J  f o r   c o n n e c t i n g   t h e   o u t p u t s   of  t h e   AND  a r r a y   15  to  t h e  

c o r r e s p o n d i n g   i n p u t s   of  t h e   OR  a r r a y   16.  In  a  s i m i l a r   m a n n e r ,  
t h e   d e c o d e   PLA  14  i n c l u d e s   an  i n p u t   AND  a r r a y   17,  an  o u t p u t   OR 

a r r a y   18  and  a  p l u r a l i t y   of  word  l i n e s   l o c a t e d   in  a  m u l t i l i n e  

bus   G  f o r   c o n n e c t i n g   t h e   o u t p u t s   of   t h e   AND  a r r a y   17  to   t h e  

c o r r e s p o n d i n g   i n p u t s   of  t h e   OR  a r r a y   18.  S i n g l e - b i t  

p a r t i t i o n i n g   i s   a s s u m e d   f o r   e a c h   of  t h e   AND  a r r a y s   15  and  1 7 .  

Each  of  t h e   AND  a r r a y s   15  and  17  i s   of   t h e   same  g e n e r a l   f o r m  

of  i n t e r n a l   c o n s t r u c t i o n   as  was  d e s c r i b e d   f o r   t h e   c a s e   of  t h e  

AND  a r r a y   11  of  F i g .   1.  In  a  s i m i l a r   v e i n ,   e a c h   of  t h e   OR 

a r r a y s   16  and  18  has   t h e   same  g e n e r a l   fo rm  of  i n t e r n a l  

c o n s t r u c t i o n   as  was  d e s c r i b e d   a b o v e   f o r   t h e   OR  a r r a y   12  o f  

F i g .   1.  For   s a k e   of  c o m p a r i s o n ,   t h e   n u m b e r s   of  s i g n a l   l i n e s   i n  

t h e   b u s e s   E,  F,  G  and  M  of  F i g .   2  a r e   a s s u m e d   to   be  t h e   s a m e  

as  t h e   n u m b e r s   of  s i g n a l   l i n e s   in  t h e   b u s e s   E,  F,  G  and  M, 

r e s p e c t i v e l y ,   of  F i g .   1 .  

The  e n c o d e   PLA  13  i s   r e s p o n s i v e   to   a  f i r s t   g r o u p   of  b i n a r y  

i n p u t   s i g n a l s   E  f o r   p r o d u c i n g   a  s m a l l e r   n u m b e r   of  b i n a r y  

s i g n a l s   K  w h i c h   a r e   e n c o d e d   to  i d e n t i f y   d i f f e r e n t   b i n a r y   v a l u e  

c o m b i n a t i o n s   f o r   t h e   f i r s t   g r o u p   of  b i n a r y   i n p u t   s i g n a l s   E .  

The  d e c o d e   p r o g r a m m a b l e   l o g i c   a r r a y   14  i s   r e s p o n s i v e   to   a  

s e c o n d   g r o u p   of  b i n a r y   i n p u t   s i g n a l s   F  and  to   t h e   e n c o d e d  

b i n a r y   s i g n a l s   K  p r o d u c e d   by  t h e   e n c o d e   PLA  13  f o r   p r o d u c i n g  

b i n a r y   o u t p u t   s i g n a l s   M  r e p r e s e n t i n g   l o g i c a l   f u n c t i o n s   o f  

b i n a r y   i n p u t   s i g n a l s   in  b o t h   t h e   f i r s t   and  s e c o n d   g r o u p s   E  a n d  

F .  

The  u se   of  t h e   e n c o d e   PLA  13  to   more  t i g h t l y   e n c o d e   t h e   b i n a r y  

i n p u t   s i g n a l s   E  r e d u c e s   t h e   n u m b e r   of  s i g n a l   l i n e s   K  r u n n i n g  

to   t h e   i n p u t   of  t h e   AND  a r r a y   17  in  t h e   s e c o n d   PLA  14,  t h i s  

r e d u c t i o n   b e i n g   r e p r e s e n t e d   by  t h e   f a c t o r   ( E - K ) ,   w h e r e   E  and  K 

r e p r e s e n t   t h e   n u m b e r s   of   s i g n a l   l i n e s   in  t h e   b u s e s   E  and  K,  



r e s p e c t i v e l y .   T h i s ,   in  t u r n ,   r e d u c e s   t h e   a m o u n t   of   c h i p   s p a c e  

r e q u i r e d   f o r   t h e   AND  a r r a y   17.  T h i s   r e d u c t i o n   or   d e c r e a s e   i n  

a r e a   i s   p r o p o r t i o n a l   to   2 ( E - K ) G .   T h i s   r e d u c t i o n   in  a r e a   i s  

r e p r e s e n t e d   by  t h e   b r o k e n   l i n e   b o u n d a r y   19.  T h i s   r e d u c t i o n ,  

h o w e v e r ,   d o e s   n o t   r e p r e s e n t   t h e   n e t   s a v i n g   of   c h i p   s p a c e .   T h e  

use   of  t h e   e n c o d e   PLA  13  r e q u i r e s   some  c h i p   s p a c e .   T h e  

r e l a t i v e   c h i p   s p a c e   o c c u p p i e d   by  t h e   e n c o d e   PLA  13  i s  

p r o p o r t i o n a l   to   ( 2 E + K ) J .   In  o r d e r   to  o b t a i n   a  n e t   s a v i n g   i n  

c h i p   s p a c e ,   t h i s   s p a c e   r e q u i r e d   f o r   t h e   e n c o d e   PLA  13  m u s t   b e  

l e s s   t h a n   t h e   d e c r e a s e   in  s p a c e   r e a l i z e d   f o r   t h e   d e c o d e   AND 

a r r a y   17.  In  a  g o o d l y   n u m b e r   of   a p p l i c a t i o n s ,   t h i s   c o n d i t i o n  

can  be  s a t i s f i e d .  

The  n e t   p e r c e n t   s a v i n g   in  c h i p   a r e a   can   be  d e s c r i b e d   to   a  

r e a s o n a b l e   f i r s t   o r d e r   a p p r o x i m a t i o n   by  t h e   f o l l o w i n g  

m a t h e m a t i c a l   e q u a t i o n :  

The  d e n o m i n a t o r   t e r m   2EG  r e p r e s e n t s   t h e   F i g .   1  c a s e   w h e r e   o n l y  

a  s i n g l e   PLA  i s   e m p l o y e d   and  a l l   of   t h e   b i n a r y   i n p u t   s i g n a l s   E 

a r e   s u p p l i e d   to   i t s   AND  a r r a y   11.  T h i s   2EG  f a c t o r   r e p r e s e n t s  

t h e   a r e a   r e q u i r e d   in  t h e   AND  a r r a y   11  f o r   t h e   i n p u t   s i g n a l s   E .  

F i g .   3  i s   a  g r a p h   s h o w i n g   t h e   p e r c e n t   s a v i n g   of  c h i p   s p a c e   f o r  

d i f f e r e n t   v a l u e s   of   t h e   r a t i o   K/E.   V a r i o u s   l i n e s   a r e   p l o t t e d  

f o r   d i f f e r e n t   v a l u e s   of   t h e   r a t i o   G / J .   T h e s e   l i n e s   w e r e  

p l o t t e d   u s i n g   t h e   a b o v e - g i v e n   p e r c e n t   s a v i n g   e q u a t i o n .  

As  s e e n   f rom  t h e   g r a p h   of   F i g .   3,  a  g r e a t e r   p e r c e n t a g e   s a v i n g  

i s   r e a l i z e d   when  t h e   n u m b e r   of  word   l i n e s   G  in  t h e   d e c o d e   PLA 

14  i s   much  l a r g e r   t h a n   t h e   n u m b e r   of  word   l i n e s   J  in  t h e  

e n c o d e   PLA  13.  For   e x a m p l e ,   f o r   t h e   c a s e   w h e r e   t h e   bus   K  h a s  

h a l f   as  many  s i g n a l   l i n e s   as  t h e   bus  E  (K/E  =  0 . 5 ) ,   t h e r e   i s   a  

n e t   s a v i n g   of  a p p r o x i m a t e l y   1 8 . 5   p e r c e n t   when  t h e   d e c o d e   AND 

a r r a y   17  has   f o u r   t i m e s   as  many  word  l i n e s   G  as  t h e r e   a r e   w o r d  

l i n e s   J  in  t h e   e n c o d e   PLA  13.  For   t h i s   same  K/E  v a l u e ,   t h e  

p e r c e n t   s a v i n g   i n c r e a s e s   to   a p p r o x i m a t e l y   3 7 . 5   p e r c e n t   w h e n  



t h e   n u m b e r   of   word   l i n e s   G  in  t h e   d e c o d e   PLA  14  i s   t e n   t i m e s  

l a r g e r   t h a n   t h e   n u m b e r   of  word  l i n e s   J  in  t h e   e n c o d e   PLA  1 3 .  

To  o b t a i n   a  n e t   s a v i n g   of  c h i p   s p a c e ,   t h e   e n c o d e   PLA  13  s h o u l d  

be  r e l a t i v e l y   s m a l l   c o m p a r e d   to   t h e   d e c o d e   PLA  14.  The  p r i m a r y  

a s p e c t   in  m e e t i n g   t h i s   c r i t e r i a   i s   t h a t   t h e   n u m b e r   of   w o r d  

l i n e s   J  in  t h e   e n c o d e   PLA  13  m u s t   be  s u b s t a n t i a l l y   s m a l l e r  

t h a n   t h e   n u m b e r   of   word   l i n e s   G  in   t h e   d e c o d e   PLA  14.  T h e  

r e l a t i v e   n u m b e r s   of  word  l i n e s   in  t h e   two  P L A ' s   i s   d e t e r m i n e d  

by  t h e   n a t u r e s   of  t h e   two  g r o u p s   of  b i n a r y   i n p u t   s i g n a l s   E  a n d  

F.  In  p a r t i c u l a r ,   t h e   s i g n a l s   in  g r o u p   F  s h o u l d   be  t i g h t l y  

e n c o d e d   and  e a c h   code   v a l u e   s h o u l d   be  u s e d   w i t h   a  h i g h   d e g r e e  

of   f r e q u e n c y   in  d e t e r m i n i n g   t h e   r e s u l t a n t   o u t p u t   s i g n a l s  

p r o d u c e d   by  t h e   d e c o d e   OR  a r r a y   18.  By  t i g h t l y   e n c o d e d   i s  

m e a n t   t h a t   p r a c t i c a l l y   e v e r y   b i n a r y   v a l u e   c o m b i n a t i o n   f o r   t h e  

s i g n a l s   in  g r o u p   F  a r e   u s e d .   For   e x a m p l e ,   i f   g r o u p   F  has   f i v e  

s i g n a l s   (5  b i t s ) ,   t h i s   can   p r o v i d e   32  d i f f e r e n t   b i n a r y   c o d e  

v a l u e s   or  c o m b i n a t i o n s .   To  be  t i g h t l y   e n c o d e d ,   s u b s t a n t i a l l y  

a l l   32  s u c h   b i n a r y   code   v a l u e s   s h o u l d   be  u s e d .  

The  s i g n a l   in  g r o u p   E,  on  t h e   o t h e r   h a n d ,   s h o u l d   be  l o o s e l y  

e n c o d e d   and  s h o u l d   be  u s e d   l e s s   o f t e n   in  d e t e r m i n i n g   t h e  

r e s u l t a n t   o u t p u t   f rom  t h e   d e c o d e   OR  a r r a y   18.  By  l o o s e l y  

e n c o d e d   i s   m e a n t   t h a t   many  of  t h e   d i f f e r e n t   p o s s i b l e   b i n a r y  

code   v a l u e s   f o r   t h e   g r o u p   E  s i g n a l s   a r e   n o t   u s e d .   A s s u m e ,   f o r  

e x a m p l e ,   t h a t   t h e r e   a r e   16  s i g n a l s   (16  b i t s )   in  g r o u p   E  a n d  

t h a t   o n l y   some  200  o u t   of  t h e   t o t a l   p o s s i b l e   6 5 , 5 3 6   d i f f e r e n t  

b i n a r y   code   v a l u e   a r e   u s e d .   In  t h i s   c a s e ,   t h e   i n p u t   s i g n a l s   i n  

g r o u p   E  a r e   s a i d   to   be  l o o s e l y   e n c o d e d .   In  s u c h   a  c a s e ,   t h e  

e n c o d e   PLA  13  a c t s   to   t i g h t e n   up  t h e   e n c o d i n g   by  p r o d u c i n g   a  

d i f f e r e n t   u n i q u e   e n c o d e d   i d e n t i f i c a t i o n   s i g n a l   o n l y   f o r   t h o s e  

200  code   c o m b i n a t i o n s   w h i c h   a r e   a c t u a l l y   u s e d .   In  t h i s   m a n n e r ,  

t h e   n u m b e r   of  i n p u t   s i g n a l   l i n e s   f o r   g r o u p   E  can  be  r e d u c e d  

f rom  16  to   8.  In  o t h e r   w o r d s ,   t h e   i n p u t   bus   K  f o r   t h e   d e c o d e  

PLA  w i l l   h a v e   o n l y   8  s i g n a l   l i n e s ,   as  o p p o s e d   to   t h e   o r i g i n a l  

16  s i g n a l   l i n e s   in   t h e   i n p u t   bus   E .  



One  p r a c t i c a l   t y p e   of   s i t u a t i o n   w h e r e   t h e   p r e s e n t   i n v e n t i o n  

can  s o m e t i m e s   be  u s e d   to  a d v a n t a g e   i s   t h e   c a s e   of  c o n t r o l  

s y s t e m s   u s i n g   s o - c a l l e d   f i n i t e - s t a t e   m a c h i n e s   w h i c h   a r e  

i m p l e m e n t e d   by  means   of   a  PLA.  In  s u c h   m a c h i n e s ,   t h e   s t a t e  

s i g n a l s   w h i c h   a r e   f ed   b a c k   f rom  t h e   o u t p u t   of   t h e   OR  a r r a y   t o  

t h e   i n p u t   of   t h e   AND  a r r a y   a r e   n o r m a l l y   f a i r l y   t i g h t l y   e n c o d e d  

and  a r e   u s e d   q u i t e   o f t e n   in  d e t e r m i n i n g   t h e   r e s u l t a n t   o u t p u t .  

The  d a t a   s i g n a l s ,   on  t h e   o t h e r   h a n d ,   w h i c h   a r e   s u p p l i e d   to   t h e  

i n p u t   of  t h e   AND  a r r a y   f o r   p u r p o s e s   of  g u i d i n g   t h e   o p e r a t i o n  

of  t h e   PLA,  a r e   s o m e t i m e s   r a t h e r   l o o s e l y   e n c o d e d .   In  s u c h   a  

c a s e ,   a  s e p a r a t e   r e l a t i v e l y   s m a l l   e n c o d e   PLA  can   be  u s e d   t o  

good  a d v a n t a g e   to   r e d u c e   t h e   n u m b e r   of   d a t a   i n p u t   l i n e s   f o r  

t h e   l a r g e r   ma in   PLA.  

A n o t h e r   t y p e   of   a p p l i c a t i o n   w h e r e i n   t h e   p r e s e n t   i n v e n t i o n   m a y  
be  u s e d   to   good  a d v a n t a g e   i s   r e p r e s e n t e d   by  t h e   c a s e   o f  

m i c r o p r o g r a m m e d   d i g i t a l   d a t a   p r o c e s s o r s .   The  p r e s e n t   i n v e n t i o n  

can  be  u s e d   in  t h e   c o n t r o l   u n i t   of  a  d i g i t a l   d a t a   p r o c e s s o r   t o  

p r o v i d e   an  i m p r o v e d   m i c r o w o r d   g e n e r a t i o n   m e c h a n i s m .  

R e f e r r i n g   to  F i g .   4,  t h e r e   i s   shown  a  f u n c t i o n a l   b l o c k   d i a g r a m  

of  a  d i g i t a l   s y s t e m   w h e r e i n   t h e   b i n a r y   l o g i c   s t r u c t u r e   of   t h e  

p r e s e n t   i n v e n t i o n   may  be  u s e d   to   good  a d v a n t a g e .   The  d i g i t a l  

s y s t e m   of  F i g .   4  i s   a  m i c r o p r o g r a m m e d   d a t a   p r o c e s s o r   20 

w h e r e i n   a  s e q u e n c e   of  m i c r o w o r d s   a r e   u s e d   to  c o n t r o l   t h e  

e x e c u t i o n   of  e a c h   s y s t e m   or   p r o c e s s o r   i n s t r u c t i o n .   T h i s   d a t a  

p r o c e s s o r   20  i n c l u d e s   a  d a t a   f l o w   u n i t   21,   a  m a i n   s t o r a g e   u n i t  

22,  an  i n p u t / o u t p u t   ( I /O)   u n i t   23  and  a  c o n t r o l   u n i t   24.  T h e  

d a t a   f l o w   u n i t   21  i s   s o m e t i m e s   c a l l e d   a  c e n t r a l   p r o c e s s i n g  

u n i t   (CPU)  and  i n c l u d e s   s u c h   t h i n g s   as  an  a r i t h m e t i c   and  l o g i c  

u n i t   (ALU),  v a r i o u s   h a r d w a r e   r e g i s t e r s   and  c o u n t e r s ,   a  l o c a l  

s t o r a g e   u n i t ,   and  a  bus   s y s t e m   i n t e r c o n n e c t i n g   t h e s e   i t e m s  

w i t h   one  a n o t h e r .   The  d a t a   f l o w   u n i t   21  i s   t h e   u n i t   t h a t   d o e s  

t h e   a d d i n g ,   s u b s t r a c t i n g ,   r e a r r a n g i n g   and  o t h e r   m a n i p u l a t i o n  

of  t h e   d a t a   to  p r o d u c e   t h e   d e s i r e d   r e s u l t s .  

The  c o n t r o l   u n i t   24  c o n t r o l s   t h e   o p e r a t i o n   of  t h e   d a t a   f l o w  

u n i t   21,   t h e   main   s t o r a g e   u n i t   22  and  t h e   I /O  u n i t   23  by  m e a n s  



of  v a r i o u s   c o n t r o l   p o i n t   s i g n a l s   w h i c h   a r e   s u p p l i e d   by  way  o f  

r e s p e c t i v e   m u l t i l i n e   c o n t r o l   b u s e s   25,  26  and  27  to  t h e  

v a r i o u s   f u n c t i o n a l   e l e m e n t s   l o c a t e d   in  t h e s e   u n i t s   21,   22  a n d  

23.  C o n t r o l   u n i t   24  i n c l u d e s   m i c r o w o r d   g e n e r a t i o n   a p p a r a t u s  

f o r   p r o d u c i n g   a  s e q u e n c e   of  m i c r o w o r d s   f o r   e a c h   s y s t e m  

i n s t r u c t i o n ,   in  t h i s   c a s e ,   p r o c e s s o r   i n s t r u c t i o n ,   to   b e  

e x e c u t e d .   T h e s e   m i c r o w o r d s ,   in  t u r n ,   p r o d u c e   t h e   c o n t r o l   p o i n t  

s i g n a l s   w h i c h   c o n t r o l   t h e   e l e m e n t a l   o p e r a t i o n s   in  t h e   o t h e r  

d a t a   p r o c e s s o r   u n i t s .  

The  u s e r   p r o g r a m   to  be  p e r f o r m e d   by  t h e   d a t a   p r o c e s s o r   20  i s  

i n i t i a l l y   l o a d e d   i n t o   t h e   main   s t o r a g e   u n i t   22  f rom  one  of  t h e  

p e r i p h e r a l   u n i t s   ( n o t   shown)  c o u p l e d   to   t h e   I /O  u n i t   23  by  w a y  
of  an  I /O   bus   28.  T h i s   i n i t i a l   l o a d i n g   i s   a c c o m p l i s h e d   by  w a y  
of  t h e   d a t a   f l o w   u n i t   21.  A f t e r   s u c h   i n i t i a l   l o a d i n g ,   t h e   u s e r  

p r o g r a m   i s   p e r f o r m e d   by  r e a d i n g   f rom  t h e   ma in   s t o r a g e   u n i t   22  

in  a  s e q u e n t i a l   m a n n e r   t h e   v a r i o u s   p r o c e s s o r   i n s t r u c t i o n s  

w h i c h   make  up  t h e   u s e r   p r o g r a m .   Each   p r o c e s s o r   i n s t r u c t i o n ,   i n  

i t s   t u r n ,   i s   r e a d   o u t   of  t h e   ma in   s t o r a g e   u n i t   22  and  l o a d e d  

i n t o   an  i n s t r u c t i o n   r e g i s t e r   29  l o c a t e d   in  t h e   d a t a   f l o w   u n i t  

21.  The  p r o c e s s o r   i n s t r u c t i o n   r e s i d e n t   in  t h e   i n s t r u c t i o n  

r e g i s t e r   29,  or  a t   l e a s t   t h e   e f f e c t i v e   o p e r a t i o n   code   p o r t i o n  

t h e r e o f ,   i s   s u p p l i e d   to   t h e   c o n t r o l   u n i t   24  by  way  of  a  

m u l t i l i n e   bus  30  to   i d e n t i f y   to   t h e   c o n t r o l   u n i t   24  t h e  

p a r t i c u l a r   p r o c e s s o r   i n s t r u c t i o n   to   be  e x e c u t e d .  

L o a d i n g   of  a  new  p r o c e s s o r   i n s t r u c t i o n   i n t o   t h e   i n s t r u c t i o n  

r e g i s t e r   29  i s   a c c o m p l i s h e d   by  way  of   a  c o n t r o l   p o i n t   s i g n a l  

w h i c h   i s   s u p p l i e d   by  way  of  a  c o n t r o l   l i n e   31  to   a  l o a d  

c o n t r o l   t e r m i n a l   of  t h e   i n s t r u c t i o n   r e g i s t e r   2 9 .  

The  d a t a   f l o w   u n i t   21,  t h e   I /O   u n i t   23  and  t h e   c o n t r o l   u n i t   24 

can  a l l   be  f a b r i c a t e d   on  one  and  t h e   same  i n t e g r a t e d   c i r c u i t  

c h i p .   In  o r d e r   to  a c c o m p l i s h   t h i s ,   t h e   c i r c u i t   s t r u c t u r e s  

f o r m e d   on  t h e   c h i p   m u s t   be  d e s i g n e d   to   m i n i m i z e   t h e i r   u s a g e   o f  

c h i p   s p a c e .  



R e f e r r i n g   to   F i g .   5,  t h e r e   i s   shown  in  g r e a t e r   d e t a i l   a  

r e p r e s e n t a t i v e   fo rm  of  c o n s t r u c t i o n   f o r   t h e   c o n t r o l   u n i t   24  o f  

F i g .   4.  T h i s   c o n s t r u c t i o n   i n c l u d e s   a  f i r s t   e m b o d i m e n t   o f  

m i c r o w o r d   g e n e r a t i o n   a p p a r a t u s   c o n s t r u c t e d   in  a c c o r d a n c e   w i t h  

t h e   p r e s e n t   i n v e n t i o n .   T h i s   i m p r o v e d   m i c r o w o r d   g e n e r a t i o n  

a p p a r a t u s   i n c l u d e s   an  e n c o d e   PLA  32,  a  d e c o d e   PLA  33  a n d  

s e q u e n c e   c o u n t e r   c i r c u i t r y   34.  For   s i m p l i c i t y   of  e x p l a n a t i o n ,  

e a c h   of   t h e   P L A ' s   32  and  33  i s   a s s u m e d   to   be  a  " s t a t i c "   PLA,  

as  o p p o s e d   to   a  " d y n a m i c "   or  c l o c k e d   PLA.  In  m a k i n g   t h i s  

a s s u m p t i o n ,   i t   i s   to   be  u n d e r s t o o d   t h a t  t h e   p r e s e n t   i n v e n t i o n  

i s   a l s o   a p p l i c a b l e   to   t h e   c a s e   of  d y n a m i c   P L A ' s .  

The  e n c o d e   PLA  32  i s   r e s p o n s i v e   to   a  p l u r a l - b i t   s y s t e m  
i n s t r u c t i o n   to   be  e x e c u t e d   f o r   p r o d u c i n g   a  p l u r a l - b i t  

i n s t r u c t i o n   i d e n t i f i c a t i o n   s i g n a l   u n i q u e l y   r e p r e s e n t a t i v e   o f  

s u c h   s y s t e m   i n s t r u c t i o n   b u t   h a v i n g   a  s m a l l e r   n u m b e r   of  b i t s  

t h a n   t h e   s y s t e m   i n s t r u c t i o n .   In  t h e   p r e s e n t   e m b o d i m e n t ,   t h e  

s y s t e m   i n s t r u c t i o n   i s   t h e   p r o c e s s o r   i n s t r u c t i o n   w h i c h   i s   b e i n g  

s u p p l i e d   to   t h e   i n p u t   of   t h e   e n c o d e   PLA  32  f rom  t h e  

i n s t r u c t i o n   r e g i s t e r   29  by  way  of  t h e   m u l t i b i t   or  m u l t i l i n e  

bus   30.  The  i n s t r u c t i o n   i d e n t i f i c a t i o n   s i g n a l   p r o d u c e d   by  t h e  

e n c o d e   PLA  32  i s   s u p p l i e d   by  way  of  a  m u l t i - s t a g e   b i n a r y  

r e g i s t e r   35  to   a  f i r s t   s e t   of  i n p u t s   of   t h e   AND  a r r a y   in  t h e  

d e c o d e   PLA  3 3 .  

The  p r o c e s s o r   i n s t r u c t i o n   s u p p l i e d  t o   t h e   e n c o d e   PLA  32  m a y  

be ,   f o r   e x a m p l e ,   a  1 6 - b i t   b i n a r y   w o r d .   The  p a r t i c u l a r   d a t a  

p r o c e s s o r   b e i n g   c o n s i d e r e d   may  h a v e ,   f o r   e x a m p l e ,   2 0 0  

d i f f e r e n t   p r o c e s s o r   i n s t r u c t i o n s   in  i t s   i n s t r u c t i o n  

r e p e r t o i r e .   In  t h i s   c a s e ,   t h e   i n p u t   bus   E  w o u l d   be  a  1 6 - l i n e  

b u s ,   t h e   o u t p u t   bus   K  w o u l d   be  an  8 - l i n e   bus   and  t h e   r e g i s t e r  

35  w o u l d   be  an  8 - b i t   b i n a r y   r e g i s t e r   f o r   r e c e i v i n g   t h e   8 - b i t  

i n s t r u c t i o n   i d e n t i f i c a t i o n   s i g n a l   p r o d u c e d   by  t h e   e n c o d e   PLA 

3 2 .  

The  s e q u e n c e   c o u n t e r   34  i s   a  p l u r a l - b i t   b i n a r y   c o u n t e r   f o r  

s u p p l y i n g   p l u r a l - b i t   b i n a r y   n u m b e r   s i g n a l s   to  a  s e c o n d   s e t  o f  

i n p u t s   of  t h e   AND  a r r a y   in  t h e   d e c o d e   P L A  3 3 .   The  s e q u e n c e  



c o u n t e r   34  may  be ,   f o r   e x a m p l e ,   a  6 - b i t   c o u n t e r   f o r   s u p p l y i n g  

in  a  p a r a l l e l   m a n n e r   a  6 - b i t   n u m b e r   by  w a y  o f   t h e   i n p u t   bus   F 

to  t h e   d e c o d e   PLA  33.  In  t h i s   c a s e ,   t h e   bus   F  i s   a  6 - l i n e   b u s .  

The  d e c o d e   PLA  33  i s   r e s p o n s i v e   to   t h e   i n s t r u c t i o n  

i d e n t i f i c a t i o n   s i g n a l   f rom  t h e   e n c o d e   PLA  32  and  to   t h e   n u m b e r  

s i g n a l s   f rom  t h e   s e q u e n c e   c o u n t e r   34  f o r   p r o d u c i n g   a  s e q u e n c e  
of  m i c r o w o r d s   f o r   e a c h   p r o c e s s o r   i n s t r u c t i o n   to   be  e x e c u t e d .  

The  m i c r o w o r d s   a p p e a r   one  a t   a  t i m e   a t   t h e   o u t p u t   of   t h e   OR 

a r r a y   in  t h e   d e c o d e   PLA  33.  Each   m i c r o w o r d   may  h a v e   a  w i d t h  

o f ,   f o r   e x a m p l e ,   60  b i t s .   In  t h i s   c a s e ,   t h e   o u t p u t   bus   M  i s   a  
6 0 - l i n e   b u s .  

The  c o n t r o l   u n i t   e m b o d i m e n t   of   F i g .   5  f u r t h e r   i n c l u d e s   c o n t r o l  

c i r c u i t r y   r e s p o n s i v e   one  a t   a  t i m e   t o   t h e   m i c r o w o r d s   f rom  t h e  

d e c o d e   PLA  33  f o r   p r o d u c i n g   f o r   e a c h   m i c r w o r d   a  p l u r a l i t y   o f  

c o n t r o l   p o i n t   s i g n a l s   f o r   c o n t r o l l i n g   f o r   one  m i c r o w o r d   c y c l e  

t h e   o p e r a t i o n   of  t h e   d i g i t a l   d a t a   p r o c e s s i n g   s y s t e m   of   F i g .   4 .  

T h i s   c o n t r o l   c i r c u i t r y   i n c l u d e s   a  m u l t i b i t   c o n t r o l   r e g i s t e r  

3 6 , a   d e c o d e r   37  and  a  c l o c k   p u l s e   g e n e r a t o r   38.  The  n u m b e r   o f  

b i t   p o s i t i o n s   or  s t a g e s   in   t h e   c o n t r o l   r e g i s t e r   36  i s   t h e   s a m e  

as  t h e   n u m b e r   of   b i t   p o s i t i o n s   in  a  s i n g l e   m i c r o w o r d .   T h e  

m i c r o w o r d   a p p e a r i n g   a t   t h e   o u t p u t   of  t h e   d e c o d e   PLA  33  i s  

l o a d e d   i n t o   t h e   c o n t r o l   r e g i s t e r   36  a t   t h e   end  of  t h e  

p r e c e d i n g   m i c r o w o r d   c y c l e .   The  m i c r o w o r d   r e s i d i n g  i n   c o n t r o l  

r e g i s t e r   36  d r i v e s   t h e   d e c o d e r   37  to   c a u s e   t h e   d e c o d e r   37  t o  

p r o d u c e   t h e   p a r t i c u l a r   c o n t r o l   p o i n t   s i g n a l s   f o r   t h a t  

p a r t i c u l a r   m i c r o w o r d .  

In  g e n e r a l ,   e a c h   m i c r o w o r d   w i l l   i n c l u d e   s e v e r a l   e n c o d e d  

p l u r a l - b i t   c o n t r o l   f i e l d s .   D e c o d e r   37  d e c o d e s   t h e   e n c o d e d  

f i e l d s   to   p r o d u c e   t h e   a p p r o p r i a t e   i n d i v i d u a l   c o n t r o l   p o i n t  

s i g n a l s .   Any  n o n - e n c o d e d   or  b i t - s i g n i f i c a n t   b i t s   in  t h e  

m i c r o w o r d   w i l l   he  s u p p l i e d   s t r a i g h t   t h r o u g h   by  t h e   d e c o d e r   3 7 .  

The  c l o c k   g e n e r a t o r   38  s u p p l i e s   t h e   c l o c k   p u l s e s   w h i c h  

d e t e r m i n e   t h e   p o i n t s   in  t i m e   a t   w h i c h   t h e   c o n t r o l   p o i n t  

s i g n a l s   a c t u a l l y   a p p e a r   a t   t h e   o u t p u t   of   t h e   d e c o d e r   37.  I n  

some  d a t a   p r o c e s s o r s ,   t h e r e   i s   one  c l o c k   p u l s e   p e r   m i c r o w o r d  



c y c l e ,   w h i l e   in  o t h e r   d a t a   p r o c e s s o r s   t h e r e   a r e   a.  g r o u p   o f  

t i m e   s p a c e d   c l o c k   p u l s e s   f o r   e a c h   m i c r o w o r d   c y c l e .   D e c o d e r   37  

w i l l   t y p i c a l l y   h a v e   a  r e l a t i v e l y   l a r g e   n u m b e r   of   c o n t r o l   p o i n t  

o u t p u t   l i n e s .   In  a  t y p i c a l   d a t a   p r o c e s s o r ,   t h e r e   may  be  a  

h u n d r e d   or  more  s u c h   o u t p u t   l i n e s .   For   any  g i v e n   m i c r o w o r d ,  

o n l y   a  r e l a t i v e l y   s m a l l   n u m b e r   of   t h e s e   c o n t r o l   p o i n t   l i n e s  

w i l l   be  a c t i v a t e d   to   p r o d u c e   t h e   d e s i r e d   c o n t r o l   a c t i o n s   f o r  

t h a t   p a r t i c u l a r   m i c r o w o r d .  

The  c l o c k   g e n e r a t o r   38  a l s o   s u p p l i e s   c l o c k   p u l s e s   to   t h e  

i n c r e m e n t   i n p u t   t e r m i n a l   of   t h e   s e q u e n c e   c o u n t e r   34  f o r  

i n c r e a s i n g   t h e   c o u n t   in  t h e   s e q u e n c e   c o u n t e r   34  by  a  v a l u e   o f  

one  c o u n t   f o r   e a c h   m i c r o w o r d   c y c l e .   The  t i m i n g   i s   s u c h   t h a t  

i m m e d i a t e l y   a f t e r   a  p a r t i c u l a r   m i c r o w o r d   i s   l o a d e d   i n t o   t h e  

c o n t r o l   r e g i s t e r   36,  t h e   s e q u e n c e   c o u n t e r   34  i s   i n c r e m e n t e d   b y  

one  to   e n a b l e   t h e   d e c o d e   PLA  33  to  commence   p r o d u c i n g   t h e   n e x t  

m i c r o w o r d .   The  r e p e a t e d   i n c r e m e n t i n g   of   t h e   s e q u e n c e   c o u n t e r  

34  c a u s e s   t h e   d e c o d e   PLA  33  to   p r o d u c e   a  s e q u e n c e   o f  

m i c r o w o r d s   f o r   any  g i v e n   i n s t r u c t i o n   i d e n t i f i c a t i o n   s i g n a l  

r e s i d i n g   in  t h e   r e g i s t e r   35.  The  l a s t   m i c r o w o r d   in  t h e  

s e q u e n c e   w i l l ,   among  o t h e r   t h i n g s ,   c a u s e   t h e   c o n t r o l   p o i n t  

l i n e   39  to   be  a c t i v a t e d   to   l o a d   t h e   n e x t   i n s t r u c t i o n  

i d e n t i f i c a t i o n   s i g n a l   i n t o   t h e   r e g i s t e r   35  and  to  r e s e t   t h e  

s e q u e n c e   c o u n t e r   34  to   a  z e r o   c o u n t   c o n d i t i o n .  

Wi th   r e f e r e n c e   to   F i g .   4,  f o r   e a c h   new  p r o c e s s o r   i n s t r u c t i o n  

l o a d e d   i n t o   t h e   i n s t r u c t i o n   r e g i s t e r   29,  a  new  i n s t r u c t i o n  

i d e n t i f i c a t i o n   s i g n a l   i s   p r o d u c e d   by  t h e   e n c o d e  P L A   32  a n d ,   a t  

t h e   a p p r o p r i a t e   p o i n t   in  t i m e ,   i s   l o a d e d   i n t o   t h e   r e g i s t e r   3 5 .  

The  l o a d i n g   of  t h e   new  p r o c e s s o r   i n s t r u c t i o n   i n t o   t h e  

i n s t r u c t i o n   r e g i s t e r   29  i s   done   a t   some  a p p r o p r i a t e   p o i n t  

d u r i n g   t h e   o c c u r r e n c e   of  t h e   m i c r o w o r d   s e q u e n c e   f o r   t h e  

p r o c e s s o r   i n s t r u c t i o n   c u r r e n t l y   b e i n g   e x e c u t e d .   In  o t h e r  

w o r d s ,   some  of  t h e   m i c r o w o r d s   b e i n g   p r o d u c e d   f o r   t h e   c u r r e n t l y  

e x e c u t i n g   p r o c e s s o r   i n s t r u c t i o n   a l s o   c a u s e   a c t i v a t i o n   of  t h e  

a p p r o p r i a t e   c o n t r o l   p o i n t   s i g n a l   l i n e s   f o r   f e t c h i n g   t h e   n e x t  

p r o c e s s o r   i n s t r u c t i o n   f rom  t h e   main   s t o r a g e   u n i t   22  a n d  

l o a d i n g   i t   i n t o   t h e   i n s t r u c t i o n   r e g i s t e r   29.  The  e n c o d e   PLA  32  



t h e n   o p e r a t e s   to   p r o d u c e   t h e   a p p r o p r i a t e   i n s t r u c t i o n  

i d e n t i f i c a t i o n   s i g n a l   f o r   t h i s   n e x t   p r o c e s s o r   i n s t r u c t i o n .   T h e  

l a s t   m i c r o w o r d   f o r   t h e   c u r r e n t l y   e x e c u t i n g   i n s t r u c t i o n   i s  

e f f e c t i v e   to   l o a d   t h i s   n e x t   i n s t r u c t i o n   i d e n t i f i c a t i o n   s i g n a l  

i n t o   t h e   e n c o d e   PLA  o u t p u t   r e g i s t e r  3 5   and  to   r e s e t   t h e  

s e q u e n c e   c o u n t e r   34  to   commence   t h e   g e n e r a t i o n   of  t h e  

m i c r o w o r d   s e q u e n c e   f o r   t h i s   n e x t   p r o c e s s o r   i n s t r u c t i o n .  

For   t h e   p r e v i o u s l y   g i v e n   e x a m p l e   of  a  1 6 - b i t   p r o c e s s o r  
i n s t r u c t i o n   ( i n p u t   E)  and  a  p r o c e s s o r   i n s t r u c t i o n   r e p e r t o i r e  

of  200  i n s t r u c t i o n s ,   t h e   e n c o d e   PLA  32  has   200  word  l i n e s   a n d  

i t s   e n c o d e d   o u t p u t   K  has   a  w i d t h   of  8  b i t s .   For   t h i s   s a m e  

c a s e ,   t h e   d e c o d e   PLA  33  may  h a v e ,   f o r   e x a m p l e ,   on  t h e   o r d e r   o f  

1000  word   l i n e s .   T h i s   makes   G  ( n u m b e r   of  d e c o d e   PLA  w o r d  

l i n e s )   e q u a l   to   5  t i m e s   J  ( t h e   n u m b e r   of  e n c o d e   PLA  w o r d  

l i n e s ) .   S i n c e   t h e   r a t i o   K/E  i s   e q u a l   to   0 . 5 ,   t h i s   g i v e s   a  

p e r c e n t   s a v i n g   of  c h i p   s p a c e   of  a p p r o x i m a t e l y   25%  as  s e e n   f r o m  

t h e   g r a p h   of   F i g .   3.  T h u s ,   f o r   t h i s   e x a m p l e ,   t h e   u s e   of  t h e  

e n c o d e   PLA  32  in   c a s c a d e   w i t h   t h e   d e c o d e   PLA  33  p r o v i d e s   a  25% 

s a v i n g s   of  c h i p   s p a c e   as  c o m p a r e d   t o   t h e   c a s e   w h e r e   t h e   e n c o d e  

PLA  32  i s   o m i t t e d   and  t h e   p r o c e s s o r   i n s t r u c t i o n   i s   s u p p l i e d  

w i t h o u t   m o d i f i c a t i o n   to   t h e   d e c o d e   PLA  33.  In  t h a t   c a s e ,   t h e  

d e c o d e   PLA  33  w o u l d   n e e d   to   h a v e   a  much  w i d e r   i n p u t   AND  a r r a y  

to   a c c o m m o d a t e   t h e   i n c r e a s e d   n u m b e r   of   i n p u t   b i t s .  

A  r u l e   of  thumb  f o r   P L A ' s   i s   t h a t   t h e   l a r g e r   t h e   PLA  b e c o m e s  

in  s i z e ,   t h e   s l o w e r   i s   i t s   r e s p o n s e   t i m e   ( t h e   t i m e   r e q u i r e d   t o  

p r o d u c e   a  v a l i d   o u t p u t   f o l l o w i n g   a  c h a n g e   in   t h e   i n p u t ) .   A 

d e c o d e   PLA  33  h a v i n g   1000  word  l i n e s   w o u l d   b e g i n   to   show  t h e  

e f f e c t   of   t h i s   r u l e .   In  p a r t i c u l a r ,   i t   w o u l d   h a v e   a  s l o w e r  

r e s p o n s e   t i m e   t h a n   may  be  d e s i r a b l e   f o r   some  a p p l i c a t i o n s .   T h e  

n e x t   e m b o d i m e n t   to   be  d e s c r i b e d   h e r e i n   ( F i g .   6)  shows  a  way  o f  

r e d u c i n g   t h i s   s l o w e r   r e s p o n s e   t i m e   e f f e c t .   In  p a r t i c u l a r ,   t h i s  

i s   a c c o m p l i s h e d   by  r e p l a c i n g   t h e   l a r g e r   d e c o d e   PLA  33  by  a  

p l u r a l i t y   of  s m a l l e r   d e c o d e   PLA,s   w h i c h   a r e   o p e r a t e d   in  a n  

o v e r l a p p e d   t i m e - m u l t i p l e x e d   m a n n e r .  



A l l   of   t h e   h a r d w a r e   u n i t s   and  e l e m e n t s   shown  in  F i g .   5  a r e  

p r e f e r a b l y   f o r m e d   on  a  s i n g l e   i n t e g r a t e d   c i r c u i t   c h i p .  

R e f e r r i n g   to  F i g .   6,  t h e r e   i s   shown  a  f u n c t i o n a l   b l o c k   d i a g r a m  

of  a  s e c o n d   e m b o d i m e n t   of   m i c r o w o r d   g e n e r a t i o n   a p p a r a t u s   w h i c h  

i s   c o n s t r u c t e d   in  a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n   a n d  

w h i c h   may  be  u s e d   to   p r o v i d e   t h e   c o n t r o l   u n i t   24  of  F i g .   4 .  

R e l a t i v e   to   t h e   F i g .   5  e m b o d i m e n t ,   t h e   F i g .   6  e m b o d i m e n t  

e m p l o y s   a  d e c o d e   PLA  m e c h a n i s m   w h i c h   i s   c o m p r i s e d   of  f o u r  

s m a l l e r   d e c o d e   PLA ' s   4 0 , 4 1 , 4 2   and  43  w h i c h   a r e   o p e r a t e d   in  a n  

o v e r l a p p e d   p a r a l l e l   m a n n e r .   The  d e c o d e   PLA ' s   4 0 - 4 3   a r e   l a b e l e d  

as  t h e   A,  B,  C  and  D  d e c o d e   P L A ' s ,   r e s p e c t i v e l y .   T h e s e  

d i f f e r e n t   d e c o d e   PLA ' s   4 0 - 4 3   p r o d u c e   d i f f e r e n t   o n e s   of   t h e  

m i c r o w o r d s   n e e d e d   to  e x e c u t e   a  g i v e n   p r o c e s s o r   i n s t r u c t i o n .   I n  

p a r t i c u l a r ,   t h e   m i c r o w o r d s   f rom  t h e   d i f f e r e n t   d e c o d e   P L A ' s  

4 0 - 4 3   a r e   u s e d   in  a  r e p e a t i n g   A-B-C-D  s e q u e n c e .  

The  d e c o d e   P L A ' s   4 0 - 4 3   a r e   d r i v e n   in  a  p a r a l l e l   m a n n e r   by  a n  

e n c o d e   PLA  44  and  a  r e g i s t e r   45.  T h e s e   c o r r e s p o n d   r e s p e c t i v e l y  

to  t h e   e n c o d e   PLA  32  and  t h e   r e g i s t e r   35  of  F i g .   5.  The  e n c o d e  

PLA  44  p r o d u c e s   a  p l u r a l - b i t   i n s t r u c t i o n   i d e n t i f i c a t i o n   s i g n a l  

on  bus   K  h a v i n g   a  s m a l l e r   n u m b e r   of  b i t s   t h a n   t h e   p r o c e s s o r  
i n s t r u c t i o n   on  bus   E .  

The  s e c o n d   i n p u t s   of  t h e   d e c o d e   P L A ' s   4 0 - 4 3   a r e   d r i v e n   by  t h e  

p l u r a l - b i t   n u m b e r   s i g n a l s   w h i c h   a r e   p r o d u c e d   by  a  s e q u e n c e  
c o u n t e r   46  w h i c h   c o r r e s p o n d s   to   t h e   s e q u e n c e   c o u n t e r   34  o f  

F i g .   5.  The  s e q u e n c e   c o u n t   n u m b e r s   f o r   t h e   l a s t   two  d e c o d e  

P L A ' s   42  and  43  a r e   s u p p l i e d   by  way  of   a  r e g i s t e r   47.  T h i s   i s  

done   to   a d j u s t   t h e   t i m i n g   to  t a k e   i n t o   a c c o u n t   t h e   o v e r l a p p e d  

o p e r a t i o n   of  t h e   d i f f e r e n t   d e c o d e  P L A ' s .  

The  F i g .   6  e m b o d i m e n t   i n c l u d e s   two  a d d i t i o n a l   P L A ' s ,   n a m e l y ,   a  

f i r s t   c y c l e   PLA  48  and  a  s e c o n d   c y c l e   PLA  49.  The  f i r s t   c y c l e  

PLA  48  p r o d u c e s   t h e   f i r s t   and  o n l y   t h e   f i r s t   m i c r o w o r d   n e e d e d  

in  t h e   e x e c u t i o n   of  a  g i v e n   p r o c e s s o r   i n s t r u c t i o n .   The  s e c o n d  

c y c l e   PLA  49  p r o d u c e s   t h e   s e c o n d   and  o n l y   t h e   s e c o n d   m i c r o w o r d  



n e e d e d   f o r   s u c h   p r o c e s s o r   i n s t r u c t i o n .   T h e  d e c o d e   PLAts   4 0 - 4 3  

p r o v i d e   t h e   r e m a i n d e r   of  t h e   m i c r o w o r d s   n e e d e d   to  e x e c u t e   t h e  

i n s t r u c t i o n .   T h u s ,   t h e   m i c r o w o r d   s e q u e n c e   f o r   any  g i v e n  

p r o c e s s o r   i n s t r u c t i o n   i s   1 - 2 - A - B - C - D - A - B - C - D . . . ,   w h e r e   1  and  2 

d e n o t e   t h e   m i c r o w o r d s   p r o d u c e d   by  t h e   f i r s t   and  s e c o n d   c y c l e  

PLA ' s   48  and  49,   r e s p e c t i v e l y .   T h e s e   f i r s t   and  s e c o n d   c y c l e  

P L A ' s   48  and  49  a r e   r e l a t i v e l y   s m a l l   f a s t - a c t i n g   P L A ' s   w h i c h  

a r e   d r i v e n   d i r e c t l y   by  t h e   p r o c e s s o r   i n s t r u c t i o n   in  t h e  

i n s t r u c t i o n   r e g i s t e r   29.   T h i s   e n a b l e s   t h e   f i r s t   two  m i c r o w o r d s  

to  be  p r o d u c e d   v e r y   q u i c k l y .   T h i s   a l l o w s   more  t i m e   f o r   t h e  

o t h e r   P L A ' s   to   commence   p r o d u c i n g   t h e   r e m a i n d e r   of   t h e  

m i c r o w o r d s   f o r   a  g i v e n   p r o c e s s o r   i n s t r u c t i o n .  

In  t h e   p r e s e n t   e m b o d i m e n t ,   t h e   d e c o d e   PLA ' s   4 0 - 4 3   and  t h e  

f i r s t   and  t h e   s e c o n d   c y c l e   P L A ' s   48  and  49  a r e   d y n a m i c   o r  

c l o c k e d   P L A ' s .   As  s u c h ,   e a c h   u s e s   a  s e t   of   f o u r   t i m e - s p a c e d  

n o n - o v e r l a p p i n g   c l o c k i n g   p u l s e s   ( P C I - P C 4 )   to   p r o d u c e   e a c h  

v a l i d   o u t p u t   b i t   p a t t e r n .   The  c l o c k   p u l s e   s e t s   f o r   t h e  

s u c c e s s i v e   o n e s   of  t h e   P L A ' s   4 8 , 4 9 , 4 0 , 4 1 , 4 2   and  43  a r e   o f f s e t  

r e l a t i v e   to   one  a n o t h e r   by  one  m i c r o w o r d   c y c l e   so  t h a t   t h e   PC1 

p u l s e   f o r   t h e   s e c o n d   PLA  49  c o i n c i d e s   w i t h   t h e   PC2  p u l s e   f o r  

t h e   f i r s t   PLA  48,   t h e   PC1  p u l s e   f o r   t h e   t h i r d   PLA  40  c o i n c i d e s  

w i t h   t h e   PC2  p u l s e   f o r   t h e   s e c o n d   PLA  49,   e t c .   T h u s ,   t h e  

i n t e r n a l   o p e r a t i o n s   f o r   t h e   P L A ' s   4 8 , 4 9 , 4 0 , 4 1 , 4 2   and  43  a r e  

o f f s e t   b u t   o v e r l a p p e d   in  t i m e .   T h e s e   PC1-PC4  PLA  i n t e r n a l  

c l o c k i n g   p u l s e s   a r e   o b t a i n e d  f r o m   PLA  c l o c k   l o g i c   50  d r i v e n   b y  

c l o c k   g e n e r a t o r   5 7 .  

The  e n c o d e   PLA  44  may  a l s o   be  a  d y n a m i c   PLA  b u t   f o r   s i m p l i c i t y  

of   e x p l a n a t i o n   h e r e i n ,   i s   a s s u m e d   to   be  a  s t a t i c   PLA.  

In  t h e   F i g .   6  e m b o d i m e n t ,   two  s e t s   of   c o n t r o l   r e g i s t e r s   a n d  

d e c o d e r s   a r e   e m p l o y e d .   An  "A"  s e t   i s   r e p r e s e n t e d   by  c o n t r o l  

r e g i s t e r s   51  and  52  and  a  d e c o d e r   53.   A  "B"  s e t   i s   r e p r e s e n t e d  

by  c o n t r o l   r e g i s t e r   54  and  55  and  a  d e c o d e r   5 6 .  

The  c o n t r o l   u n i t   of   F i g .   6  i s   d r i v e n   by  a  t w o - p h a s e  

n o n o v e r l a p p i n g   c l o c k   g e n e r a t o r   57.   I t   p r o d u c e s   two  s e t s   o f  



i n t e r l e a v e d   b u t   n o n o v e r l a p p i n g   c l o c k   p u l s e s ,   one  s e t   b e i n g   S e t  

A  and  t h e   o t h e r   b e i n g   S e t   B.  Among  o t h e r   t h i n g s ,   t h e   A  c l o c k  

p u l s e s   p e r i o d i c a l l y   e n a b l e   a  s e t   o f   A  g a t e s   58  and  t h e   B  c l o c k  

p u l s e s   p e r i o d i c a l l y   e n a b l e   a  s e t   of  B  g a t e s   59,   s u c h   e n a b l i n g s  

b e i n g   in  an  i n t e r l e a v e d   b u t   n o n - o v e r l a p p i n g   m a n n e r .   In  t h i s  

m a n n e r ,   t h e   A  d e c o d e r   53  and  t h e   B  d e c o d e r   56  a r e   c a u s e d   t o  

p r o v i d e   t h e   c o n t r o l   p o i n t   s i g n a l s   in  an  a l t e r n a t i n g   A - B - A - B  

m a n n e r s .   Many  of  t h e   c o n t r o l   p o i n t   l i n e s   f rom  t h e   A  d e c o d e r   53 

a r e   O R ' e d   w i t h   t h e i r   c o u n t e r p a r t s   f rom  t h e   B  d e c o d e r   56  s o  

t h a t   many  of   t h e   u n i t s   in  t h e   F i g .   4  d a t a   p r o c e s s o r   c a n  

r e c e i v e   t h e i r   c o n t r o l   p o i n t   s i g n a l s   d u r i n g   e i t h e r   t h e   A  or  t h e  

B  c l o c k   p h a s e .  

The  f i r s t   c y c l e   PLA  48  and  t h e   A  and  C  d e c o d e   P L A ' s   40  and  42 

s u p p l y   t h e i r   m i c r o w o r d s   one  a t   a  t i m e   to  t h e   A  c o n t r o l  

r e g i s t e r   51.  Each   m i c r o w o r d ,   in  t u r n ,   i s   p a s s e d   to   t h e   s e c o n d  

A  c o n t r o l   r e g i s t e r   52  to   d r i v e   t h e   A  d e c o d e r   53  to  p r o d u c e   t h e  

o u t p u t   c o n t r o l   p o i n t   s i g n a l s   w h i c h   a r e   p a s s e d   by  t h e   A  g a t e s  

58  d u r i n g   t h e   A  c l o c k   p h a s e s .   In  a  s i m i l a r   b u t   t i m e  

i n t e r l e a v e d   m a n n e r ,   t h e   s e c o n d   c y c l e   PLA  49,   t h e   B  d e c o d e   PLA 

41  and  t h e   D  d e c o d e   PLA  43  s u p p l y   t h e i r   m i c r o w o r d s   one  a t   a  

t i m e   to  t h e   f i r s t   B  c o n t r o l   r e g i s t e r   54,   f rom  w h e n c e   t h e y   a r e  

t r a n s f e r r e d   to  t h e   s e c o n d   B  c o n t r o l   r e g i s t e r   55  to   d r i v e   t h e   B 

d e c o d e r   56  to   p r o d u c e   t h e   c o n t r o l   p o i n t   s i g n a l s   w h i c h   a r e  

p a s s e d   by  t h e   B  g a t e s   59  d u r i n g   t h e   B  c l o c k   p h a s e s .  

Among  o t h e r   t h i n g s ,   e a c h   m i c r o w o r d   p r o d u c e s   a  c o n t r o l   p o i n t  

s i g n a l   w h i c h   i s   r e f e r r e d   to   h e r e i n   as  a  PLA  o u t p u t   s t r o b e  

s i g n a l .   T h i s   s t r o b e   s i g n a l   s e l e c t s   t h e   PLA  w h i c h   i s   to  s u p p l y  

t h e   n e x t   m i c r o w o r d   to   i t s   a s s o c i a t e d   c o n t r o l   r e g i s t e r .   T h e  

PLA  s t r o b e s   f rom  t h e   A  d e c o d e r   53  s e l e c t   b e t w e e n   t h e   P L A ' s   4 8 ,  

40  and  42  to   o b t a i n   t h e   n e x t   m i c r o w o r d   f o r   t h e   A  c o n t r o l  

r e g i s t e r   51.  The  f i r s t   c y c l e   PLA  48  i s   s e l e c t e d   to   p r o v i d e  

o n l y   t h e   f i r s t   m i c r o w o r d   n e e d e d   f o r   any  g i v e n   p r o c e s s o r  
i n s t r u c t i o n .   T h e r e a f t e r ,   t h e   m i c r o w o r d s   f o r  t h e   A  c o n t r o l  

r e g i s t e r   51  a r e   a l t e r n a t e l y   t a k e n   f rom  t h e   A  and  C  d e c o d e  

P L A ' s   40  and  42.  The  PLA  o u t p u t   s t r o b e s   f rom  t h e   A  d e c o d e r   53  

a r e   i d e n t i f i e d   as  S1,  SA  and  SC  and  a r e   i n d i v i d u a l l y   s u p p l i e d  



to   t h e   r e s p e c t i v e   o n e s   of  PLA  o u t p u t   b u f f e r s   60,  61  and  6 2 .  

Each  of  t h e s e   b u f f e r s   6 0 - 6 2   i s   c o m p r i s e d   of  a  s e t   of  p a r a l l e l  

g a t i n g   c i r c u i t s   or  g a t e s   w h i c h   a r e   s i m u l t a n e o u s l y   a c t i v a t e d   o r  
e n a b l e d   by  i t s   p a r t i c u l a r   PLA  o u t p u t   s t r o b e .   When  e n a b l e d ,   t h e  

b u f f e r   s u p p l i e s   t h e   m i c r o w o r d   a p p e a r i n g   a t   t h e   o u t p u t   of  i t s  

a s s o c i a t e d   PLA  to   t h e   i n p u t   of   t h e   A  c o n t r o l   r e g i s t e r   5 1 .  

In  a  c o r r e s p o n d i n g   m a n n e r ,   t h e   PLA  o u t p u t   s t r o b e s   S2,   SB  a n d  

SD  p r o d u c e d   by  t h e   B  d e c o d e r   56  a r e   u s e d   to  s e l e c t   b e t w e e n   t h e  

P L A ' s   49,  41  and  43  to   o b t a i n   t h e   n e x t   m i c r o w o r d   f o r   t h e   B 
c o n t r o l   r e g i s t e r   54.   T h e s e   PLA  s t r o b e s   S2,  SB  and   SD  a r e  

i n d i v i d u a l l y   s u p p l i e d   to   t h e   r e s p e c t i v e   o n e s   of  t h e   PLA  o u t p u t  
b u f f e r s   63,  64  and  65.  The  S2  s t r o b e   l i n e   f o r   t h e   s e c o n d   c y c l e  

PLA  49  i s   a c t i v a t e d   o n l y   t o   p r o v i d e   t h e   m i c r o w o r d   f o r   t h e  

s e c o n d   m i c r o w o r d   c y c l e   f o r   any  g i v e n   p r o c e s s o r   i n s t r u c t i o n .  

A f t e r   t h a t ,   t h e   r e m a i n i n g   m i c r o w o r d s   f o r   t h e   B  c o n t r o l  

r e g i s t e r   54  a r e   o b t a i n e d   in   an  a l t e r n a t i n g   m a n n e r   f rom  t h e   B 

and  D  d e c o d e   P L A ' s   41  and  4 3 .  

The  r e s u l t s   of   t h e   f o r e g o i n g   m u l t i p l e x i n g   of  t h e   v a r i o u s  

m i c r o w o r d s   i s   to  p r o v i d e   f o r   e a c h   p r o c e s s o r   i n s t r u c t i o n   a  

s e q u e n c e   of  m i c r o w o r d s   o b t a i n e d   f r o m   t h e   v a r i o u s   P L A ' s   4 0 - 4 3 ,  
48  and  49  in  t h e   f o l l o w i n g   o r d e r :   1 , 2 , A , B , C , D , A , B , C , D , A , B , . . .  

.  The  n u m b e r s   and  l e t t e r s   i d e n t i f y   t h e   s o u r c e   P L A ' s .   The  f i r s t  

and  s e c o n d   c y c l e   PLA ' s   48  and  49  p r o v i d e   o n l y   t h e   f i r s t   a n d  

s e c o n d   m i c r o w o r d s .   The  r e m a i n d e r   of   t h e   m i c r o w o r d s   f o r   a n y  
g i v e n   p r o c e s s o r   i n s t r u c t i o n   a r e   t a k e n   f r o m   t h e   A,  B,  C  and  D 

d e c o d e   P L A ' s   in  a  s e q u e n t i a l   A - B - C - D   m a n n e r ,   t h e   e x a c t   n u m b e r  

of  a d d i t i o n a l   m i c r o w o r d s   b e i n g   w h a t e v e r   i s   n e e d e d   to   c o m p l e t e  
t h e   e x e c u t i o n   of  t h a t   p a r t i c u l a r   p r o c e s s o r   i n s t r u c t i o n .  

The  e n c o d e   PLA  o u t p u t   r e g i s t e r   45  i s   l o a d e d   and  t h e   s e q u e n c e  
c o u n t e r   46  and  i t s   a s s o c i a t e d   r e g i s t e r   47  a r e   r e s e t   to   z e r o   b y  

a  c o n t r o l   p o i n t   s i g n a l   p u l s e   SO  o b t a i n e d   f rom  t h e   B  d e c o d e r  

56.  T h i s   S0  p u l s e   i s   p r o d u c e d   by  t h e   m i c r o w o r d   w h i c h   i s   t h e  

t h i r d   f rom  t h e   end  of  t h e   m i c r o w o r d   s e q u e n c e   f o r   t h e   p r o c e s s o r  
i n s t r u c t i o n   c u r r e n t l y   b e i n g   e x e c u t e d .   The  s e q u e n c e   c o u n t e r   46 

i s   i n c r e m e n t e d   o n c e   f o r   e a c h   s e t   of   A , B , C   and  D  m i c r o w o r d s   b y  



t h e   PLA  o u t p u t   s t r o b e   p u l s e   SB.  The  c o u n t e r   b u f f e r   r e g i s t e r   47 

i s   r e l o a d e d   once   f o r   e a c h   s e t   of  A,B,   C  and  D  m i c r o w o r d s   b y  

t h e   PLA  o u t p u t   s t r o b e   p u l s e   SC .  

The  PLA  c l o c k   l o g i c   50  i s   d r i v e n   by  t h e   SO  c o n t r o l   p o i n t  

s i g n a l ,   t h e   v a r i o u s   PLA  o u t p u t   s t r o b e s   S l , S 2 , S A , S B , S C   and  SD 

and  t h e   A  and  B  c l o c k   p u l s e s   f rom  t h e   c l o c k   g e n e r a t o r   5 7 .  

T h e s e   v a r i o u s   p u l s e s   c o n t a i n   t h e   n e c e s s a r y   and  s u f f i c i e n t  

i n f o r m a t i o n   to   p r o d u c e   t h e   d i f f e r e n t   s e t s   of  PC1-PC4  i n t e r n a l  

c l o c k i n g   p u l s e s   r e q u i r e d   by  t h e   d i f f e r e n t   o n e s   of  t h e   P L A ' s  

4 0 - 4 3 ,   48  and  4 9 .  

A l l   of   c i r c u i t r y   f o r   t h e   c o n t r o l   u n i t   of  F i g .   6  i s   p r e f e r a b l y  

f o r m e d   on  a  s i n g l e   i n t e g r a t e d   c i r c u i t   c h i p .   The  u s e   of  t h e  

e n c o d e   PLA  44  to   d r i v e   t h e   f o u r   d e c o d e   P L A ' s   4 0 - 4 3   r e s u l t s   i n  

a  s a v i n g   of  c h i p   s p a c e   f o r   t h e   r e a s o n s   p r e v i o u s l y   m e n t i o n e d .  

In  c a l c u l a t i n g   t h e   a m o u n t   of  s p a c e   s a v e d ,   t h e   f o u r   d e c o d e  

P L A ' s   4 0 - 4 3   a r e   e q u i v a l e n t   to   a  s i n g l e   d e c o d e   PLA  h a v i n g   a  

n u m b e r   of  word  l i n e s   w h i c h   i s   e q u a l   to   t h e   sum  of  t h e   n u m b e r s  

of  word   l i n e s   in   t h e   i n d i v i d u a l   d e c o d e   P L A ' s   4 0 - 4 3 .   W h e r e  

m u l t i p l e   d e c o d e   P L A ' s   a r e   u s e d ,   some  f u r t h e r   s a v i n g   of  s p a c e  
i s   r e a l i z e d   b e c a u s e   of  t h e   r e d u c e d   n u m b e r   of   s i g n a l   l i n e s   L 

w h i c h   a r e   r e q u i r e d   to   run   to   t h e   i n p u t s   of  a l l   of  t h e   v a r i o u s  

d i f f e r e n t   d e c o d e   P L A ' s .  

W h i l e   t h e r e   h a v e   b e e n   d e s c r i b e d   w h a t   a r e   a t   p r e s e n t   c o n s i d e r e d  

to  be  p r e f e r r e d   e m b o d i m e n t s   of   t h i s   i n v e n t i o n ,   i t   w i l l   b e  

o b v i o u s   to   t h o s e   s k i l l e d   in   t h e   a r t   t h a t   v a r i o u s   c h a n g e s   a n d  

m o d i f i c a t i o n s   may  be  made  t h e r e i n   w i t h o u t   d e p a r t i n g   f rom  t h e  

i n v e n t i o n ,   and  i t   i s ,   t h e r e f o r e ,   i n t e n d e d   t o   c o v e r   a l l   s u c h  

c h a n g e s   and  m o d i f i c a t i o n s   as  f a l l   w i t h i n   t h e   t r u e   s p i r i t   a n d  

s c o p e   of   t h e   i n v e n t i o n .  



1.  B i n a r y   l o g i c   s t r u c t u r e   e m p l o y i n g   p r o g r a m m a b l e   l o g i c  

a r r a y s   and  r e q u i r i n g   l e s s   s p a c e   on  an  i n t e g r a t e d   c i r c u i t  

c h i p ,   c h a r a c t e r i z e d   in  t h a t   i t   c o m p r i s e s  :  

an  e n c o d e   p r o g r a m m a b l e   l o g i c   a r r a y   (13)  r e s p o n s i v e   to   a  

f i r s t   g r o u p   of   b i n a r y   i n p u t   s i g n a l s   (E)  f o r   p r o d u c i n g   a  

s m a l l e r   n u m b e r   of  b i n a r y   s i g n a l s   w h i c h   a r e   e n c o d e d   t o  

i d e n t i f y   d i f f e r e n t   b i n a r y   v a l u e   c o m b i n a t i o n s   f o r   t h e  

f i r s t   g r o u p   of  b i n a r y   i n p u t   s i g n a l s ;  

an  a  d e c o d e   p r o g r a m m a b l e   l o g i c   a r r a y   (14)  r e s p o n s i v e   to   a  

s e c o n d   g r o u p   of  b i n a r y   i n p u t   s i g n a l s   (F)  and  to   t h e  

e n c o d e d   b i n a r y   s i g n a l s   (K)  p r o d u c e d   by  t h e   e n c o d e  

p r o g r a m m a b l e   l o g i c   a r r a y   f o r   p r o d u c i n g   b i n a r y   o u t p u t  

s i g n a l s   (M)  r e p r e s e n t i n g   l o g i c a l   f u n c t i o n s   of  b i n a r y  

i n p u t   s i g n a l s   in  b o t h   t h e   f i r s t   and  s e c o n d   g r o u p s .  

2.  B i n a r y   l o g i c   s t r u c t u r e   in  a c c o r d a n c e   w i t h   c l a i m   1  w h e r e i n  

s a i d   e n c o d e   (13)  and  d e c o d e   (14)  p r o g r a m m a b l e   l o g i c  

a r r a y s   a r e   f o r m e d   on  a  s i n g l e   i n t e g r a t e d   c i r c u i t   c h i p ;  

and  t h e   c h i p   s p a c e   o c c u p i e d   by  t h e   e n c o d e   p r o g r a m m a b l e  

l o g i c   a r r a y   i s   l e s s   t h a n   t h e   a d d i t i o n a l   c h i p   s p a c e   t h a t  

w o u l d   be  r e q u i r e d   i f   t h e   e n c o d e   and  d e c o d e   p r o g r a m m a b l e  

l o g i c   a r r a y s   we re   r e p l a c e d   by  a  s i n g l e   p r o g r a m m a b l e   l o g i c  

a r r a y   f o r   r e c e i v i n g   a l l   t h e   b i n a r y   i n p u t   s i g n a l s   in  b o t h  

t he   f i r s t   and  s e c o n d   g r o u p s .  

3.  B i n a r y   l o g i c   s t r u c t u r e   in  a c c o r d a n c e   w i t h   c l a i m   1  o r  

c l a i m   2  w h e r e i n  :  

s a i d   e n c o d e   p r o g r a m m a b l e   l o g i c   a r r a y   (13)  i n c l u d e s   a n  

i n p u t   AND  a r r a y   (15)  r e s p o n s i v e   to  t h e   f i r s t   g r o u p   o f  

b i n a r y   i n p u t   s i g n a l s   (E) ,   an  o u t p u t   OR  a r r a y   (16)  f o r  



p r o d u c i n g   t h e   e n c o d e d   b i n a r y   s i g n a l s   (K)  a n d   a  p l u r a l i t y  

of  word   l i n e s   (J)  c o n n e c t i n g   t h e   o u t p u t s   of  t h e   AND  a r r a y  
to  t h e   i n p u t s   of  t h e   OR  a r r a y ;  

s a i d   d e c o d e   p r o g r a m m a b l e   l o g i c   a r r a y   (14)  i n c l u d e s   a n  

i n p u t   AND  a r r a y   (17)  r e s p o n s i v e   to   t h e   s e c o n d   g r o u p   o f  

b i n a r y   i n p u t   s i g n a l s   (F)  and  to   t h e   e n c o d e d   b i n a r y  

s i g n a l s   (K)  p r o d u c e d   by  s a i d   e n c o d e   p r o g r a m m a b l e   l o g i c  

a r r a y ,   an  o u t p u t   OR  a r r a y   (18)  f o r   p r o d u c i n g   t h e   b i n a r y  

o u t p u t   s i g n a l s   (M)  and  a  p l u r a l i t y   of  word   l i n e s   (G) 

c o n n e c t i n g   t h e   o u t p u t s   of   t h e   AND  a r r a y   t o   t h e   i n p u t s   o f  

t h e   OR  a r r a y .  

4.  B i n a r y   l o g i c   s t r u c t u r e   in  a c c o r d a n c e   w i t h   c l a i m   3  w h e r e i n  

t h e   n u m b e r   of  word   l i n e s   (G)  in  s a i d   d e c o d e   p r o g r a m m a b l e  

l o g i c   a r r a y   (14)  i s   much  l a r g e r   t h a n   t h e   n u m b e r   of   w o r d  

l i n e s   (J)  in  s a i d   e n c o d e   p r o g r a m m a b l e   l o g i c   a r r a y   ( 1 3 ) .  

5.  B i n a r y   l o g i c   s t r u c t u r e   in  a c c o r d a n c e   w i t h   c l a i m   4  w h e r e i n  

t h e   n u m b e r   of   word  l i n e s   (G)  in   s a i d   d e c o d e   p r o g r a m m a b l e  

l o g i c   a r r a y   (14)  i s   a t   l e a s t   t w i c e   as  l a r g e   as  t h e   n u m b e r  

of  word  l i n e s   (J)  in   s a i d   e n c o d e   p r o g r a m m a b l e   l o g i c  

a r r a y .  

6.  B i n a r y   l o g i c   s t r u c t u r e   in  a c c o r d a n c e   w i t h   a n y  o n e   o f  

c l a i m s   3,  4  or  5  in   w h i c h   t h e   n u m b e r   of  l i n e s   p r o v i d i n g  

s a i d   f i r s t   g r o u p   o f   b i n a r y   i n p u t   s i g n a l s   (E)  i s   l a r g e r  

t h a n   t h e   n u m b e r   of   l i n e s   p r o v i d i n g   s a i d   e n c o d e d   b i n a r y  

s i g n a l s   ( K ) .  

7.  M i c r o p r o g r a m m e d   d i g i t a l   s y s t e m   w h e r e i n   t h e   s e q u e n c e   o f  

m i c r o w o r d s   u s e d   to   c o n t r o l   t h e   e x e c u t i o n   of   e a c h   s y s t e m  

i n s t r u c t i o n ,   i s   p r o v i d e d   by  s a i d   b i n a r y   o u t p u t   s i g n a l s  

(M)  p r o d u c e d   by  a  b i n a r y   l o g i c   s t r u c t u r e   in  a c c o r d a n c e  

w i t h   a n y  o n e   of  t h e   p r e c e d i n g   c l a i m s   and  w h e r e i n  :  

s a i d   e n c o d e   p r o g r a m m a b l e   l o g i c   a r r a y   (32)  i s   r e s p o n s i v e  

to   a  s y s t e m   i n s t r u c t i o n   to   he  e x e c u t e d   f o r m e d   by  s a i d  



f i r s t   g r o u p   of   b i n a r y   s i g n a l s   (E)  f o r   p r o d u c i n g   a  p l u r a l  

b i t   i n s t r u c t i o n   f o r m e d   by  s a i d   e n c o d e d   b i n a r y   s i g n a l s   (K) 

u n i q u e l y   r e p r e s e n t a t i v e   of  s u c h   s y s t e m   i n s t r u c t i o n   b u t  

h a v i n g   a  s m a l l e r   n u m b e r   of  b i t s   t h a n   t h e   s y s t e m  

i n s t r u c t i o n ;   a n d  

a  s e q u e n c e   c o u n t e r   (34)  s u p p l i e s   s a i d   s e c o n d   g r o u p   o f  

b i n a r y   i n p u t   s i g n a l s   to   s a i d   d e c o d e   p r o g r a m m a b l e   l o g i c  

a r r a y   ( 3 3 ) .  

8.  M i c r o p r o g r a m m e d   d i g i t a l   s y s t e m   in  a c c o r d a n c e   w i t h   c l a i m   7 

w h e r e i n  :  

s a i d   e n c o d e   p r o g r a m m a b l e   l o g i c   a r r a y   ( 3 2 ) ,   s a i d   s e q u e n c e  
c o u n t e r   (34)  and  s a i d   d e c o d e   p r o g r a m m a b l e   l o g i c   a r r a y  
( 3 3 )  a r e   f o r m e d   on  a  s i n g l e   i n t e g r a t e d   c i r c u i t   c h i p ;  

and  t h e   c h i p   s p a c e   o c c u p p i e d   by  s a i d   e n c o d e   p r o g r a m m a b l e  

l o g i c   a r r a y   i s   l e s s   t h a n   t h e   a d d i t i o n a l   c h i p   s p a c e   t h a t  

w o u l d   be  r e q u i r e d   f o r   t h e   d e c o d e   p r o g r a m m a b l e   l o g i c   a r r a y  
i f   t h e   e n c o d e   p r o g r a m m a b l e   l o g i c   a r r a y   w e r e   o m i t t e d   a n d  

t h e   s y s t e m   i n s t r u c t i o n   we re   s u p p l i e d   w i t h o u t   m o d i f i c a t i o n  

to  t h e   d e c o d e   p r o g r a m m a b l e   l o g i c   a r r a y .  

9.  M i c r o p r o g r a m m e d   d i g i t a l   s y s t e m   in  a c c o r d a n c e   w i t h   c l a i m   7 

or   c l a i m   8  f u r t h e r   i n c l u d i n g   a  r e g i s t e r   (35)  f o r  

s u p p l y i n g   s a i d   p l u r a l - b i t   i n s t r u c t i o n   (K)  f rom  s a i d  

e n c o d e   p r o g r a m m a b l e   l o g i c   a r r a y   (32)  to   s a i d   d e c o d e  

p r o g r a m m a b l e   l o g i c   a r r a y   ( 3 3 ) .  

10.  M i c r o p r o g r a m m e d   d i g i t a l   s y s t e m   in  a c c o r d a n c e   w i t h   c l a i m   9 

f u r t h e r   i n c l u d i n g  c o n t r o l   c i r c u i t r y   (36,   37)  r e s p o n s i v e  

to  t h e   m i c r o w o r d s   f rom  s a i d   d e c o d e   p r o g r a m m a b l e   l o g i c  

a r r a y   (33)  f o r   p r o d u c i n g   c o n t r o l   p o i n t   s i g n a l s   f o r  

c o n t r o l l i n g   t h e   o p e r a t i o n   of  t h e   s y s t e m ,   s a i d   c i r c u i t r y  

s u p p l y i n g   a  p r e d e t e r m i n e d   c o n t r o l   p o i n t   s i g n a l   to  s a i d  

r e g i s t e r   (35)  f o r   l o a d i n g   same  w i t h   a  new  p l u r a l - b i t  



i n s t r u c t i c t i o n   and  to   s a i d   s e q u e n c e   c o u n t e r   (34)  f o r  

r e s e t t i n g   s a m e .  

11.  M i c r o p r o g r a m m e d   d i g i t a l   s y s t e m   in  a c c o r d a n c e   w i t h   c l a i m   7 

w h e r e i n   s a i d   d e c o d e   p r o g r a m m a b l e   l o g i c   a r r a y   i n c l u d e s   a  

p l u r a l i t y   of   p r o g r a m m a b l e   l o g i c   a r r a y s   ( 4 0 - 4 3 ,   48,  4 9 )  

f o r   p r o d u c i n g   d i f f e r e n t   o n e s   of  t h e   m i c r o w o r d s   n e e d e d   t o  

e x e c u t e   t h e   s y s t e m   i n s t r u c t i o n .  

12.  M i c r o p r o g r a m m e d   d i g i t a l   s y s t e m   in  a c c o r d a n c e   w i t h   c l a i m  

11  f u r t h e r   i n c l u d i n g  :  

c o n t r o l   c i r c u i t r y   ( 5 1 - 5 5 )   f o r   c o n t r o l l i n g   t h e   o p e r a t i o n  

of  t h e   d i g i t a l   s y s t e m ,   and  m u l t i p l e x i n g   c i r c u i t r y   ( 5 0 ,  

58,   59)  f o r   s u p p l y i n g   m i c r o w o r d s   f rom  d i f f e r e n t   o n e s   o f  

t h e   d e c o d e   p r o g r a m m a b l e   l o g i c   a r r a y s   ( 4 0 - 4 3 ,   48,  49)  t o  

s a i d   c o n t r o l   c i r c u i t r y   d u r i n g   d i f f e r e n t   t i m e   i n t e r v a l s .  
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